Abstract Averrhoa bilimbi L. belongs to family Oxalidaceae. Traditionally, people use this plant (root, bark, leaves and fruits) for treating several illnesses include itches, boils, syphilis, whooping cough, hypertension, fever and inflammation. The aim of the study was to evaluate the nitric oxide (NO) scavenging activity and GC-MS analysis of A. bilimbi L. fruit extract. Averrhoa bilimbi L. fruits were collected for the preliminary phytochemical analysis, antioxidant scavenging activity and biologically important compounds were identified by GC-MS analysis. The preliminary phytochemicals, GC-MS, total phenolic content and NO scavenging activity of the plant were analysed. In the present investigation, the A. bilimbi L. fruit extract has major phytochemicals. Among the 151 compounds identified in GC-MS, 15 compounds are found to have diverse biological activity. We also observed that the A. bilimbi L. fruit extract has high level of total phenolic compounds at a concentration of 209.25 GAE mg/g. Presence of phenolic compound apparently explains the antioxidant activity of the plant. Antioxidant activity of A. bilimbi L. fruit extract is proven from its high level of NO scavenging activity of potent IC50 value of 108.10. From the above study, it is apparent that the A. bilimbi L. fruit extract is a rich source of phytochemicals (natural products) with biological activity. The GC-MS report on this fruit proves that natural products have pharmacologically and biologically active compounds. A high phenolic content is observed in our study. A. bilimbi L. fruit extract is also found to have NO scavenging activity in our study.
Introduction
Everyday 50,000 premature deaths are caused due to infectious diseases (Singh et al. 1992; Robin et al. 1998) . In accordance with the World Health Organization (WHO) 2014 diseases like malaria, dengue, leishmaniasis, Lyme disease, tuberculosis, schistosomiasis, and yellow fever, carried by mosquitoes, flies, ticks, water snails and air infect one billion people and more than one million people will die. Pathogens and diseases become drug resistant and the best alternate approach are plants to eliminate diseases and therapeutic complications (Fabricant and Farnsworth 2001) . From time immemorial plants are used as medicine to treat diseases. Before the discovery of allopathy humans depended on Ayurveda and homeopathy medicine which are completely based on plants and herbs. These herbs and plant materials act as medicine to cure diseases (Nostro et al. 2000) . Tribal people depend on the rich diversity of forest to overcome the health care needs. Forests have excellent vegetation (flora) with high quality of medicinal value (Kadhirvel et al. 2010) . Phytochemicals are the nonnutrient compounds with beneficial health effects leading to pharmacological importance and are used in medication (Nisa et al. 2011) . Fruits play major role in human diet due to their bioactive compounds, natural sugars and organic acids with relatively high antioxidant activity (Rechkemmer 2001) and are a rich source of vitamins (A, B6, C, E, niacin, and thiamine) dietary fibre and minerals (Wargovich 2000) . Averrhoa bilimbi L. is a long-lived green plant which gives edible fruits, belonging to the family Oxalidaceae-Oxalis and grows 16-33ft (5-10 m) in height, with short trunk dividing into number of upright branches. It is found throughout Malaysia, Indonesia, Myanmar, Bangladesh, Srilanka and common in Southeast Asian countries (Rahman et al. 2014) . In India it is available mostly in Kerala regions, particularly the Kani tribal traditional healers in Thodu hills region (Kerala) use the raw leaves and fruits of A. bilimbi L. plant for ailments in circulatory system (Xavier et al. 2014 ) and the local name is Irumban puli or Pulingi. The parts like bark, leaves, seeds, flowers, fruits, roots and the entire A. bilimbi L. plant is used as alternative medicine to treat numerous diseases majorly as anti-diabetic agent (Kumar et al. 2013) . Traditionally it is used in medication to cure cough, cold, boils, itches, syphilis, whooping cough, rheumatism and hypertension (Sabiha et al. 2012) . A. bilimbi L. shows antimicrobial activity against gram positive and gram negative bacteria (Karon et al. 2011) , antifungal activity (Nazmul et al. 2011) , cytotoxic activity (Das et al. 2011 ), anti-diabetic activity (Pushparaj et al. 2000) and the leaves of A. bilimbi L. could increase the serum insulin level (Patel et al. 2012) in diabetes mellitus. Administration of A. bilimbi L. fruit (toxicity studies) extract 1 g/kg bw did not affect the mice (Savithri et al. 2009 ). However, in spite of having of such a great traditional medicinal use, the knowledge on its phytochemical is limited. Few studies of phytochemicals on the A. bilimbi L. fruit extract have shown contradictory data on the presence of alkaloids, tannins, glycosides, saponins and steroids (Sabiha et al. 2012 ). This study is therefore designed to analyse the active phytochemicals present in the fruits of A. bilimbi L. by biochemical tests and GC-MS which may be useful for exploring its ethno-pharmacological significance and to validate scientifically its medicinal properties. Several previous studies have shown the free radical scavenging activity of A. bilimbi L. fruit extract through DPPH scavenging activity (Asna and Noriham 2014; Sabiha et al. 2012 ). Oxidative stress has major action in human anatomy, physiology and diseases like cardiovascular diseases, diabetes, inflammatory conditions, ageing and cancer (Joyce 1987) . Nitric oxide (NO) plays a major role in several in vivo diseases like neuronal signalling, smooth muscle relaxation, regulation of cell-mediated toxicity and inhibition of platelet aggregation (Hagerman et al. 1998 ). Surplus NO is reported to direct DNA fragmentation, cell damage and neuronal cell death. NO will not affect the DNA and proteins directly but NO is very unstable in aerobic condition and produces NO 2 , N 3 O 4 , N 2 O 4 intermediates which are genotoxic, affecting the DNA repair proteins and also deaminate DNA bases (Umamaheswari and Chatterjee 2008) . Hence it is essential to reduce the levels of NO in human body. Besides to the reactive oxygen species (ROS) NO was found to be elevated in inflammation (Baygutalp et al. 2015) , colon cancer (Erdman et al. 2009 ) and pathological conditions like gastrointestinal disorders (Cho 2001) . The traditional usage of the fruits of A. bilimbi L. for anti-inflammation, anti-diabetic and anti-hypertensive was highlighted in a report on Malaysian medicinal plants (Harun et al. 2015) . A. bilimbi L. is a rich source of vitamin C, A, B1 and 100 g of edible portion was found to have moisture, 94.2-94.7 g; fibre, 0.6 g; ash, 0.31-0.40; protein, 0.61 g; calcium, 3.4 g; iron, 1.01 mg; riboflavin, 0.32 mg; thiamine, 0.010 mg; ascorbic acid, 15.5 mg (Zakaria et al. 2007) . Ascorbic acid has been used as standard drug for the estimation of nitric oxide scavenging activity (singh et al. 2012) . As the A. bilimbi L. fruit extract has also shown a good antioxidant potential against DPPH (Chauhan and Kapfo 2013) , we made an attempt to analyse its in vitro NO scavenging activity.
Materials and methods

Chemicals and reagents
All the chemicals used for this experiment were analytical grade purchased from Hi-Media, and SD Fine Chemicals.
Selection and authentication of fruit
Averrhoa bilimbi L. fruit samples were collected from Palakkad district, Kerala, during February to March (2015) . The fruits of A. bilimbi L. are used as a source of food and medicine by tribes and settler communities of the local people. The authentication of the fruit was done by the Botanical Survey of India (BSI) Coimbatore, Tamilnadu, India. The authentication number given by the BSI is BSI/ SRC/5/23/2015/Tech.
Extraction of fruit material
The fruits of the A. bilimbi L. were collected, air dried and made into fine powder by the mortar and pestle. Extraction from the fruits was done according to the method described by Singh et al. (2012) . The powder (25 g) was used for the extraction with 250 ml of methanol (95% v/v) in a soxhlet apparatus. The remaining methanol was evaporated using rotary evaporator. The obtained thick semi-solid crude extract was stored at 2-4°C for further use.
Phytochemical screening of A. bilimbi L. fruits
The A. bilimbi L. fruit (methanol) extract was analysed for the presence of alkaloid, carbohydrate, glycosides, phenols, flavonoids, saponins, steroids and tannins using the respective biochemical tests as follows.
Test for alkaloids
Two millilitre of 1% HCl was mixed with 0.1 gm of crude extract and heated slightly. After cooling Wagner's reagent and Mayer's reagent were added to it. The presence of buff-coloured precipitate indicated the presence of alkaloids (Sofowora 1993) .
Test for carbohydrates
Benedict's reagents was mixed with the 0.1 gm of crude extract and slightly boiled, appearance of reddish brown precipitate indicated the presence of the carbohydrates (Harborne 1973) .
Test for flavonoids
The appearance of pink scarlet colour when 0.1 gm of crude extract was mixed with few drops of concentrated HCl and Mg pellets indicated the presence of flavonoids (Odebiyi and Sofowora 1978) .
Test for phenols
Two millilitre of 2% ferric chloride was mixed with the 0.1 gm of crude extract and the presence of blue-green or black coloration indicated the presence of phenols (Yadav and Agarwala 2011) .
Test for saponins
Saponin presence was detected by the frothing test. Briefly 0.1 gm of crude extract was mixed well in water and shaken, the appearance of foam indicated the preliminary evidence for the presence of saponins (Kumar et al. 2009 ).
Test for steroid (Liebermann test)
0.1 gm of crude extract was mixed with 2 ml H 2 SO 4 and slowly added to 2 ml of acetic anhydride. The colour change from violet to green or blue indicated the presence of steroids (Edeoga et al. 2005) .
Test for tannins 0.1gm of crude extract of A. bilimbi L. fruit was mixed in distilled water and filtered. Few drops of ferric chloride solution were added to the filtrate. The green or blue-green precipitate indicated the presence of tannins (Trease and Evans 2002) .
GC-MS analysis on A. bilimbi L. fruit extract
Averrhoa bilimbi L. methanolic fruit extract was subjected to gas chromatography-mass spectroscopy (GC-MS) analysis. The Thermo GC-Trace Ultra VER: 5.0 (Bremen, Germany) and Mass Spectroscopy (MS) MS DSQ II electron ionization mode with ionization energy of 70 eV were used. The temperature of the column was set to 80-250°C at 8°C/min rate. Temperature of 280 and 290°C were set for the GC injector and MS transfer, respectively. Helium was used as a carrier gas at a flow rate of 1.0 ml/min. The sample volume of 1 ll was used for analysis. By the retention time and mass fragmentation patterns, the major compounds present in the fruit extract were analysed. The National Institute of Standards and Technology (NIST) and Wiley 9.0 library was used (Sakthivel and Guruvayoorappan 2013) for the detection of compounds.
Estimation of phenols in A. bilimbi L. fruit extract
The total phenolic compounds were estimated using the Folin-Ciocalteu reagent (Slinkard and Singleton 1977) . Briefly 0.1 ml of A. bilimbi L. fruit extract of different concentrations (50, 100, 150, 200 , and 250 lg/ml) were mixed with 2 ml of 10% Folin-Ciocalteu reagent and 3 ml of 7% Na 2 CO 3 was added. This was incubated for 30 min at room temperature and the absorbance was measured using UV-spectrophotometer at 760 nm. Gallic acid was used as standard and all the results were performed in triplicates. The total phenol concentration is expressed in mg gallic acid equivalent (GAE).
Nitric oxide (NO) scavenging activity of A. bilimbi L. fruit extract
The nitric oxide (NO) scavenging activity of the A. bilimbi L. fruit extract was expressed in percentage inhibition (Vaijanathappa et al. 2008) . Briefly 3 ml of 10 mM sodium nitroprusside (0.5 mM PBS pH 7.4) was mixed with 1 ml of A. bilimbi L. fruit extract at different concentrations (25, 50, 75, 100, 125 , and 150 lg/ml) and incubated at 25°C for 150 min. Then 0.5 ml of the reaction mixture was removed and 1 ml of sulfanilic acid reagent (0.33% in 20% glacial acetic acid) was added and again incubated for 5 min at 25°C. After adding 1 ml of naphthyl ethylene diamine dichloride (0.1 w/v), the entire reaction mixture was allowed to stand for 30 min at room temperature. The absorbance was measured at 540 nm. Similar procedure was repeated for the standard ascorbic acid at different concentrations (25, 50, 75, 100, 125 , 150 lg/ml). The same reaction mixture with the methanol served as control (without extract and standard)
where A 0 is the absorbance of the control and A 1 is the absorbance of the sample.
Results
Phytochemical analysis
Preliminary phytochemical tests revealed the presence of alkaloids, carbohydrates, phenols, flavonoids, saponins and tannins (Table 1 ). The presence of more phenols was observed in the preliminary screening. The test for sterols answered negative in our study.
Phytochemical compounds identified by GC-MS analysis
By comparing with the National Institute of Standards and Technology (NIST) and Wiley 9.0 library, the major compounds are identified and listed in Table 2 . The GC-MS chromatogram is shown in Fig. 1 . Among the 151 compounds identified, 15 compounds are found to have various biological activity which were reported from other studies as mentioned in Table 3 . Furthermore, the GC-MS analysis reported the presence of various phenol, flavonoid, lipid, alkaloid and acid compounds which were shown in basic phytochemical screening test.
Total phenolic content
The total phenolic content of the A. bilimbi L. fruit extract was expressed as gallic acid equivalent in milligram per gram (GAE mg/g) of methanolic fruit extract. The optical density values and its straight line equation (y = mx ? c) of standard gallic acid is shown in Fig. 2 . The total phenolic content for 250 lg/ml is found to be 209.25 GAE mg/g.
Nitric oxide (NO) scavenging activity
The A. bilimbi L. fruit extract showed an increased nitric oxide scavenging activity with increase of concentration of the extract. Ascorbic acid is used as a standard for determining the IC 50 value. Decreased OD values were observed when the concentration of fruit extract increased. The percentage of inhibition is shown in Table 4 and the regression curve for the standard ascorbic acid and A. bilimbi L. extract is shown in Fig. 3 , respectively. The IC50 value of A. bilimbi L. fruit extract and standard ascorbic acid was found to be 108.10 and 85.01 which is shown in Table 4 .
Discussion
Traditionally 6000 plants are used in Indian folk and herbal medication and 3000 plants are in documented medicine used against diseases (Rajshekharan 2002) . Their medicinal value is due to the presence of phytochemicals. Phytochemicals are also called as natural products, plant constituents, and secondary metabolites which have medicinal properties to which they belong and the mechanism of action was not known up to the extent. These phytochemicals have great potentialities in drug discovery for various diseases (Justin et al. 2014) . The phytochemicals like alkaloid, carbohydrate, glycosides, phenols, flavonoids, saponins, steroids, and tannins compounds are remedy to cure diseases and fight against different kinds of pathogens, as medicine (Hassan et al. 2004 ). In the current investigation, we have revealed the presence of phytochemicals (alkaloids, carbohydrate, phenols, flavonoids, saponins and tannins) in the A. bilimbi L. fruit extract. Our result on phytochemical presence is consistent with an earlier study (Hasanuzzaman et al. 2013) . Moreover, there may be a region-wise difference in the presence of phytochemicals in any plant. Gas chromatographic-mass spectrometry (GC-MS) is a ubiquitous analytical technique of choice in toxicology, environmental research, food science and forensic research. A. bilimbi L. fruit extract was separated by GC and the compounds were identified by the MS by the NIST and Wiley 9.0 libraries. GC-MS analysis revealed the presence of major biologically active compounds (4H-pyran-4-one, 2,3-dihydro3,5-dihydroxy-6-methyl, hexadecanoic acid, squalene, erucic acid, oleic acid, chimanine D, boronic acid, 5-hydroxymethyl furfural, 2-deoxy-D-galactose, mannitol, desulphosinigrin, methyl pyroglutamate) having medicinal important as given in Table 3 . We have not identified any steroid compounds in GC-MS report which correlates well with the results of phytochemical screening. Total phenolic compounds present in the A. bilimbi L. fruit extract were determined by Folin-Ciocalteu method. We have also observed a high level of total phenolic compounds in the A. bilimbi L. fruit extract at a concentration of 209.25 GAE mg/g. Presence of phenolic compound apparently explains the antioxidant nature of the plant (Awika et al. 2003) due to its hydroxyl group which have the scavenging activity (Hatano et al. 1989 ). More and more phenolic compounds are used in foods to improve the nutritional quality (Kahkonen et al. 1999) . The presence of benzenoid ring (hydrophobic) and hydrogen bonding in phenolic hydroxyl groups will help in interacting with the proteins, accounting for its potent nature to act as antioxidants (Parr and Bolwel 2002) . Free radicals possess high reactive nature; they attack nearest stable molecules like lipids, proteins, DNA and carbohydrates by sneaking their electrons (Patil et al. 2013) . Different forms of free radicals are reactive oxygen species (ROS) and reactive nitrogen species (RNS). Antioxidants are the molecules that scavenge free radicals. They safeguard the cell components from the free radicals (Shenoy and Shirwaikar 2002) by scavenging the free radicals by scavenging the ROS and RNS (Rozina et al. 2012) . NO is one of the abundant free radicals categorized under RNS. It is a highly reactive nitrogen species formed during inflammations, capable of damaging proteins, lipids and DNA (Valko et al. 2007 ). Synthetic antioxidants like butylated hydroxyl anisole (BHA), butylated hydroxyl toluene (BHT) and tertiary butyl hydroquinone are used in food supplements. They are used to treat numerous human diseases, but these compounds have toxic effects (Kombo 2000) . Plants are the natural sources for the antioxidants they possess high quantity and quality of antioxidants which can scavenge the free radicals (Wang et al. 1996) . In the present investigation, the antioxidant activity for A. bilimbi L. fruit extract is proven from its high level of NO scavenging activity similar to the standard ascorbic acid used in our study. The IC50 value of nitric oxide is 85.01, whereas the IC50 value of ascorbic acid is 108.10. Furthermore, boronic acid identified in our GC-MS analysis was reported to have nitric oxide scavenging activity (Yang et al. 2003) . This may be one of the reasons for the significant nitric oxide scavenging activity observed in this study for A. bilimbi L. fruit extract. (Kumar et al. 2010) 2 Squalene Chemo-preventive against colon cancer (Rao and Harold 1998) 3 Erucic acid X-linked adrenoleukodystrophy (Rizzo et al. 1989) 4 Oleic acid Reduce blood pressure (Teres et al. 2008) 5 Chimanine D Antileishmanial (Fournet et al. 1993) 6 Boronic acid Potential pharmaceutical agent (selective reduction of aldehydes, enzyme inhibitors, asymmetric synthesis of amino acids) (Yang 2003) 7 5-Hydroxymethyl furfural Against sickle cell anaemia (Lin et al. 2008) 8 Mannitol Used for acute traumatic brain injury (Wakai et al. 2013) 9 Desulphosinigrin Antibacterial (Sabreen et al. 2015) 
Conclusion
From the above study, it is apparent that the A. bilimbi L. fruit extract is a rich source of phytochemicals (natural products) with biological activity. The GC-MS report on this fruit proves that natural products have pharmacologically and biologically active compounds. A high phenolic content is observed in our study. A. bilimbi L. fruit extract is also found to have NO scavenging activity in our study. A. bilimbi fruit 
